A combination of phenotypic characterization and molecular markers may provide reliable information on new plant varieties and elucidate the conservation status of rare species. Five newly developed Magnolia wufengensis cultivars, an endangered plant species endemic to Hubei Province, China, possess more distinctive phenotypes than common Magnolia cultivars. With reference to a wild species population of M. wufengensis and a population of Magnolia denudata, morphological traits of flower organs, simple sequence repeat (SSR), and sequence-related amplified polymorphism (SRAP) markers were used. In the morphological study, six traits of floral organs were investigated and their relationships were analyzed between cultivars. In the genetic study, 9 SSR primer pairs and 10 SRAP primer combinations were screened. The five cultivars maintained a high level of genetic diversity. Genetic diversity of each M. wufengensis cultivar was much lower than that of the wild population, but was slightly higher than that of the M. denudata population. Analysis of molecular variance (AMOVA) revealed that genetic variation among populations was 20% (SRAP) and 30% (SSR), which showed a high degree of genetic differentiation among populations of the five cultivars. The dendrograms illustrated a clear separation between M. wufengensis populations and outer species, and identified two major groups among cultivars. Correlation analysis indicated a good fit between the two marker systems, but a relatively low fit between morphological and genetic traits (SRAP: r = 0.60, SSR: r = 0.52). These findings provide reliable references for the application of these molecular markers in the breeding and conservation of M. wufengensis.
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INTRODUCTION
Magnolia wufengensis is an endangered, rare species belonging to the family Magnoliaceae, endemic to Hubei Province, China, and renowned for its showy flowers with variable tepal number, color, and shape (Ma et al., 2006) . Since first being observed in 2004, germplasm with different characters has been screened and collected. Five germplasms with eminent properties have been artificially propagated by large-scale grafting and officially registered as new cultivars in the State Forestry Administration Office for the Protection of New Varieties of Plants in China. Over years of experiments on test grounds, the survival rate of grafting seedlings has reached over 90%. As a result of continuous research on cold resistance, the five cultivars can now be suitably propagated in Northern China, Central China, Southwest China, and South China, which represent different plant cold hardiness zones (Yang et al., 2015a,b,c) . Because of the high variation in morphological traits, such as tepal number and color, these plants are key ornamental trees for both mountain and urban landscapes, and they have great importance in economic application and academic research. Although previous studies have provided preliminary data to identify the species of M. wufengensis (He et al., 2007; Chen et al., 2014) , little is known about the genetic diversity and structure of cultivars. In addition, due to the large number of breeding activities and a rapid increase in the number of seedlings, a mix of cultivars and seedlings with unclear genetic background has occurred frequently, which negatively affects species conservation as well as further academic research. Therefore, further studies are needed to classify, introduce, domesticate, and propagate these cultivars and finally make them commercially available. More importantly, because the cultivars possess precious traits of M. wufengensis, breeding of these cultivars is advantageous to the conservation of the species.
As one of the most distinguishing characteristics of M. wufengensis, the morphological phenotypes are essential for scientific planting schemes and for cultivar selection (Mratinić et al., 2014) . Investigation on the morphological traits of different organs has revealed high variation in the phenotypes of M. wufengensis (He et al., 2007) . Furthermore, these traits will eventually form the basic classification reference for cultivar screening. Additionally, studying morphological traits of different cultivars would also permit the identification of eminent phenotypes with stable inheritance for genetic functional research (Abid et al., 2015) . Based on a study that investigated how flower color was affected by the structure of flower petals, a theoretical basis for safflower formation and origin was sought (He et al., 2010) .
Genetic relationships among cultivars are informative for scientific researchers, breeders, and public policy makers. Although morphological traits can be measured easily, they are subject to numerous constraints and are particularly dependent on the environment. Nevertheless, molecular markers can provide more accurate information and can be used to detect variation among individuals, populations, and species. Numerous molecular markers have been used widely for cultivar identification. Chen et al. (2014a) used simple sequence repeat (SSR) markers to identify walnut cultivars. Guo et al. (2012) applied sequence-related amplified polymorphism (SRAP) markers to cultivated grape varieties. Inter-simple sequence repeat (ISSR) and amplified fragment length polymorphism (AFLP) markers were detected and used to study hazelnut cultivars (Sabir et al., 2014) , random amplified polymorphic DNA (RAPD) was developed for the study of crop plants (Souframanien and Gopalakrishna, 2004) , and Tang et al. (2013) used single nucleotide polymorphisms (SNPs) to assess tulip cultivars. SSR and SRAP markers proved to be highly polymorphic for identifying cultivated varieties (György et al., 2016) .
Molecular markers used for the evaluation of genetic diversity have both advantages and disadvantages. Compared to other marker systems, the SRAP technique is simple, reliable, of moderate throughput, and does not require any prior knowledge of the genomic sequence (Li and Quiros, 2001 ). Based on a study on buffalo grass, the SRAP system was found to be more powerful than ISSR and RAPD markers (Budak et al., 2004) . Microsatellites are hypervariable single-locus markers, and the use of modern bioinformatics, such as expressed sequence tag (EST) databases, have made them easier to access. SSR markers have many advantages over other markers, such as their codominance, high reproducibility, relatively high levels of polymorphism, and abundant distribution in genomes. In studies on soybean germplasm, SSR markers have been found to have higher heterozygosity than RFLP, RAPD, and AFLP markers (Powell et al., 1996) . The widely used SSR and SRAP marker systems have been utilized for the genetic study of M. wufengensis cultivars.
The objectives of our study were to 1) provide valuable information for proper cultivar selection by comparing morphological traits and developing practical molecular markers for five new M. wufengensis cultivars; 2) evaluate the level of genetic diversity and analyze the genetic differentiation of cultivars through SSR and SRAP markers; 3) propose conservation measures and breeding strategies for M. wufengensis based on its genetic variation.
MATERIAL AND METHODS

Plant material and DNA extraction
Five extant cultivars of M. wufengensis in Hubei Province, China, were selected for our study, namely 'Jiaohong No.1' (JH1), 'Jiaohong No.2' (JH2), 'Jiaoju' (JJ), 'Jiaozi' (JZ), and 'Jiaoyan' (JY). A range of 30 to 36 individual plants of each population were sampled (Table 1) . Samples of wild M. wufengensis species and one other species of Magnoliaceae, Magnolia denudata, were used as references. Three young leaves of each individual plant were collected for DNA extraction and quickly frozen in liquid nitrogen before being stored at -80°C until use (Table 1) . Genomic DNA of single individuals was extracted using TaKaRa MiniBEST Plant Genomic DNA Extraction Kit (Dalian, China). The concentration and quality of DNA samples were checked using a Thermo Scientific NanoDrop 2000 spectrophotometer (Massachusetts, USA) to ensure both 260/280 and 260/230 values were no less than 1.8. The DNA samples were diluted to approximately 10 ng/µL in 0.1% TE buffer.
Phenotypic measurements
Six distinguished characters of flower organs were evaluated and compared, including tepal color, tepal number, tepal width, tepal length, style length, and stamen length. The three outermost tepals of one flower were tested.
Tepal color was defined using the Royal Horticultural Society Color Chart (RHSCC) (http://www.azaleas.org/index.pl/rhsmacfan2.html), and total anthocyanin content was measured using the high performance liquid chromatography (HPLC) method. Tepals (0.5 g) were ground in 2 mL acidic methanol (0.1% hydrochloric acid) at 4°C, then centrifuged at 10,000 g for 10 min at 4°C. The supernatant was passed through a 0.22-mm syringe filter before HPLC analysis. Anthocyanin was investigated on an Agilent 1260 HPLC equipped with a VWD detector (Agilent Technology, USA), as described by Fan et al. (2012) . Total anthocyanin content was measured semi-quantitatively from a simple linear regression using cyanidin-3-O-glucoside (Cy3G) (Sigma-Aldrich, USA) as a standard at 520 nm.
SSR and SRAP marker development
Overall, 176 pairs of SSR primers originally from EST-SSRs of Liriodendron tulipifera were collected (Xu et al., 2010) , among which 32 pairs reported to have implications for the major phylogeny of Magnoliaceae, were screened in our study (Yang et al., 2012a) . Primers that did not generate any amplification products, or that produced a number of faint bands due to non-specific amplifications, were excluded. Eventually, nine pairs that produced a single prominent band were selected to identify cultivars (Table 2 ).
All SSR primers were synthesized by the Sangon Biotech (Shanghai) Co, Ltd. Among the overall 48 SRAP primer pair combinations (em1-em6 x me1-me8), 10 primer pair combinations, including em1-me1, em1-me3, em1-me5, em2-me5, em4-me1, em5-me3, em5-me4, em5-me5, em5-me8, and em6-me5 were valid for M. wufengensis (Chen et al., 2014) . All SRAP primers were synthesized by the Sangon Biotech (Shanghai) Co., Ltd. (Table 3) . Table 3 . Sequences of 10 sequence-related amplified polymorphism (SRAP) primers.
PCR amplification was carried out in a 10-µL reaction system, containing 1 µL 10 ng/ µL genomic DNA, 0.5 µL (10 mmoL) each primer, 5 µL 2X Taq premix (Takara, Japan), and 3 µL ddH 2 O. Amplification reactions were performed by a Bio-rad T100 cycler (Bio-rad, USA). The SSR marker program was as follows: initial denaturation for 5 min at 94°C, 15 cycles of 30 s at 94°C, 30 s at 60°C decreasing to 49.5°C by 0.7°C per cycle, and 30 s at 72 °C, followed by 20 cycles of 30 s at 94°C, 30 s at 49.5°C, and 72 °C (30 s), followed by 20 min at 72°C (Xu et al., 2010) . The SRAP marker program was as follows: initial denaturation for 5 min at 94°C, 5 cycles of 1 min at 94°C, 1 min at 35°C, and 1 min at 72°C, followed by 35 cycles of 30 s at 94°C, 1 min at 49.5°C, and 1 min at 72°C (Li and Quiros, 2001 ). Native-PAGE (8%) were undertaken utilizing silver-staining for SSR band detection, and a DL500 DNA marker (Takara, JP) was used to calculate the size of the bands.
Data analysis
Bands with the same weight and length were considered as alleles. Weak or ambiguous bands were not counted. SSR analyses were undertaken in a co-dominant way, while SRAP analyses were calculated through dominant ways. For parallel comparison between the two markers, only indices that could be conducted by each of the two statistical methods were studied. These data were compiled into a matrix for each primer, which was adjoined differently for the analyses.
The mean effective number of alleles, the number and percentage of polymorphic loci (99% criterion), the mean expected heterozygosity, and Shannon index were calculated via POPGENE32 to describe genetic diversity. Based on the data of genetic distances and dissimilarity coefficients, unweighted pair-group method using arithmetic averages (UPGMA) analysis and Mantel tests were driven by NTSYS-pc version 2.1. Associations between genetic diversity parameters were evaluated by EXCEL 2016. Results of the t-test were analyzed using SPSS version 20.0. AMOVA analysis was driven by GenAlEx 6.5.
RESULTS
Morphological phenotype identification
Apparent and considerable phenotypic differences were observed among the five M. wufengensis cultivars ( Figure 1A -O). The descriptive statistics for the selections of floral organs studied are provided in Table 4 . Tepal number ranged from nine to 24 among M. wufengensis cultivars. JH1 ( Figure  1A -C) possessed only nine tepals (seldom 11), which was similar to the number observed in the reference population. MD. Other M. wufengensis cultivars, as well as the WS population, had high tepal numbers, and JJ ( Figure 1G-I ) possessed an average of 18.8 tepals (Table 4 ) and was also high in variety (SD = 4.66).
The shape of tepals varied from obovate to long lanceolate ( Figure 1A -O). The cultivar JJ ( Figure 1G-I ) exhibited the longest tepal length (7.77 ± 0.03) and the minimum width (2.38 ± 0.08) (Table 4) , which resulted in chrysanthemum-shaped flowers. Compared to the MD, all the tepal shapes of M. wufengensis cultivars, as well as WS, were shorter and narrower.
For style and stamen length, JJ was significantly longer than the other cultivars, while both of these two organs were the smallest in JY. Again, the reference population MD possessed a much larger style and stamen than the other M. wufengensis populations (Table 4) .
Therefore, five cultivars of M. wufengensis were found to have remarkable differences in their floral organ phenotypes, and were clearly distinguished from the outer populations, MD.
Tepal color determination
Tepal colors among the five cultivars ranged from strong purplish red to pale purplish pink on adaxial and abaxial sides ( Figure 1A -O). The cultivar JH1 ( Figure 1A , C) presented the most impressive red color on both tepal sides, RHS 67A (strong purplish red) to RHS 67B (vivid purplish red) abaxially and RHS 67B (vivid purplish red) to RHS 67C (deep purplish pink) adaxially. The striking pink flowers of JZ ( Figure 1J , L) presented the lightest color, which ranged from RHS 62A (strong purplish pink) to RHS 62B (moderate purplish pink) on the abaxial, side and the color gradually faded from the base to the top (Table 5) . The anthocyanin content was further measured using the HPLC method ( Figure 2A ). The result showed that the anthocyanin contents of JH1 and JH2 were significantly higher than those of the other group ( Figure 2B ). Among M. wufengensis cultivars, JJ was found to have the lowest pigment level. Compared with MD, whose anthocyanin content was barely detectable, populations of M. wufengensis possessed a significant abundance of floral pigments ( Figure 2B ).
Both RHSCC and HPLC methods confirmed a high level of anthocyanin content as well as a high variety for flower color in M. wufengensis cultivars.
SSR and SRAP characterizations
The association of the SSR and SRAP primer characters, number of loci (N), number of polymorphic loci (Np), and percentage of polymorphic loci (P) were evaluated using EXCEL (Table 6 ). There were nine efficient SSR primer pairs, which produced 48 loci, among which 43 loci were polymorphic. With an average of 5.33, N ranged from 2 (LT083) to 9 (LT078) per primer pair. The Np ranged from 1 to 8 for each primer pair, which resulted in a high P value ranging from 50% (LT083) to 100% (LT023), with 88.12% being the average. For SRAP, 10 efficient primer pairs were obtained and 170 loci were obtained with 93.53% of the P value (161 loci). For each primer, N ranged from 10 (em5-me5) to 23 (em1-me3), and Np ranged from 8 (em5-me5) to 22 (em6-me5). On average, SRAP was relatively more variable than SSR (N: 17, Np: 16, P: 92.89). Therefore, both of these molecular markers were highly polymorphic, but SRAP markers amplified more bands than SSR markers (Table 6 ).
Genetic diversity analysis
Four parameters were calculated for each population, including the percentage of polymorphic loci (P), number of effective alleles (Ne), mean expected heterozygosity (H), and the Shannon index (I). On average, similar genetic diversity for M. wufengensis cultivars was observed when analyzed by SSR and SRAP (0.341 ≤ P ≤ 0.657; α = 0.05) ( Table 7 ). For SSRs, an average 58.75% of polymorphic loci were amplified within M. wufengensis cultivars, among which the population JZ was found to possess a significantly high level of genetic diversity (P < 0.01), while the population JJ showed slightly lower genetic variation. Compared to an outer reference species, populations JZ and JY had significantly higher values for genetic diversity (P < 0.05). The SRAP marker system could amplify an average 51.06% polymorphic loci for M. wufengensis cultivars, which was similar to the value obtained for SSR. In accordance with the results obtained using SSR markers, the population JZ showed higher genetic diversity and JJ had lower variation. When compared with the outer species population, all the cultivar populations showed a significant increase in genetic diversity (P > 0.1). Both the marker systems indicated that the wild species of M. wufengensis had the highest genetic diversity among all populations, and the five cultivars were found to possess significantly lower levels of genetic diversity than wild species (P < 0.01) ( Table 7) . Both these marker systems confirmed that the five cultivars as a whole obtained the highest genetic diversity.
Genetic distance analysis
The genetic identity matrix was constructed by Nei's original measures of genetic identity and genetic distance (Nei, 1972) . The pair-grouped genetic distances (D) among all seven populations for SSR varied from 0.0217 to 0.3566, and among M. wufengensis cultivars N, number of loci; Np, number of polymorphic loci; P, percentage of polymorphic loci. were relatively narrower in range, from 0.0602 to 0.1604 (Table 8 ). For SSRs, the largest distance occurred between MD and JH2, and the smallest distance was between JH2 and wild species. The largest distance between M. wufengensis varieties was found between JJ and JH2, and the smallest distance was between JZ and JY. For SRAP, the pairwise distances varied from 0.0842 to 0.3325, with the largest distance occurring between JH1 and MD, and the smallest distance between JH1 and JZ. Among M. wufengensis cultivars, the largest genetic distances were slightly less, at 0.2672, which was observed between JH1 and JJ. In both SSR and SRAP, wild species was indicated to be much closer to cultivars (D < 0.1210) than to outer species MD (D > 0.1867) ( Table 8 ).
Analysis of genetic differentiation
To study the genetic differentiation of M. wufengensis cultivars, AMOVA was performed within/among five M. wufengensis cultivars. Similar results were obtained with SSR and SRAP markers. SSR revealed that genetic variation within populations accounted for 70% of the total variation, while the variation among populations was 30%. The F ST value was 0.296 and indicated a high level of genetic differentiation. Similarly, with the SRAP markers, 80% of variation occurred within populations, and 20% occurred among populations. The F ST assessed by SRAP was 0.197, indicating a moderate level of genetic differentiation (Table 9) . 
Clustering analysis
Based on the phenotypic traits of floral organs (Table 4 and Figure 2B ), clustering analysis was performed on the seven populations ( Figure 3A) . Unexpectedly, JJ was distantly separated from all other M. wufengensis populations. With the exception of JJ, all the other cultivars clustered together, and grouped with WS as one subgroup, which was clearly separated from the outer species, MD.
Figure 3. Clustering analyses of seven populations through phenotypic traits, SSR, and SRAP markers. Tree A was built using phenotypic traits; Tree B was built using SSR data; Tree C was built using SRAP data. Bootstrap values are indicated as 5% of 1000 replicates.
Based on the identity matrix, the UPGMA dendrogram generated using both SSR and SRAP markers indicated that the first major group was divided into two sub clusters as shown in Figure 3B and 3C. One sub cluster was the reference outer species group MD, and the other subgroup was the M. wufengensis group, which included all five new cultivars and the wild species. The dendrograms generated using SSR and SRAP showed that the M. wufengensis group further clustered into two main subgroups as shown in Figure 3B , C, one was comprised of JH1, JH2, JY, JZ, and the WS, while JJ alone formed the other subgroup. The markers differed slightly in the first subgroup. With SSRs, the population WS was closest to JH2, and then grouped successively with JH1, JY, and JZ ( Figure 3B ). With SRAPs, the population WS was closest to JH2. JH1, and JZ clustered as a sub branch, which firstly clustered with JY then with JH2 group (with WS) ( Figure 3C ).
Correlation between phenotypic traits, SSR, and SRAP markers
The Mantel correlation was moderate between genetic and geographical distances (r = 0.52, P < 0.01) for SSR and for SRAP (r = 0.60, P < 0.01) ( Figure 4A-C) .
The correlation between SSR and SRAP markers was determined by analysis between P, H, N E , and I of the same cultivars, and the Mantel test of the two genetic distance matrices. The correlation coefficients of P, H, N E , and I between SSR and SRAP markers were 0.70, 0.71, 0.72, and 0.71 respectively, which inferred a relatively high correlation between the two markers. Meanwhile, the correlation coefficient evaluated by the Mantel test of the two genetic distance matrices was 0.73 (P < 0.01) ( Figure 4C ), which also indicated a good fit of the two markers. 
DISCUSSION
Analysis of M. wufengensis cultivars and their relationship with other populations
The utilization of predominant morphological traits could provide the most straightforward descriptions for further classification. Since M. wufengensis was found to be highly diversified in phenotypes of different organs, the morphological traits were used as the first reference to discriminate the cultivars and acted as the basis of genetic identification.
In this study, we mainly investigated the characteristics of floral organs, and ultimately, six traits were screened. With the ability to determine the high variation of floral phenotypes, these traits were informative to identify M. wufengensis cultivars. However, considering the incorrect clustering of JJ, such limited traits were not adequately precise to determine the relationship between cultivars. In addition, some traits had limitations that would make cultivars difficult to distinguish, for example, young seedlings bloom after 3-4 years of first propagation. Therefore, morphology represents the first step and should be followed by genetic analyses based on molecular markers.
The SSR and SRAP profiles were complementary for the identification of M. wufengensis cultivars. To comprehensively evaluate the genetic diversity of these cultivars, the parameters P, H, N E , and I were calculated. Compared with Magnolia officinalis cultivars (He et al., 2009) , and cultivars of tree plant species like Olea europaea and tree peony (Casas et al., 2014; Yuan et al., 2014) , these five M. wufengensis cultivars overall possess high genetic variation, but had relatively low genetic diversity for each individual cultivar. Interestingly, both SSR and SRAP markers revealed that the genetic diversity of population JJ was much lower than the average genetic diversity (which was already relatively low). Linked with its distinct phenotypic traits, cultivar JJ might be a valuable material for further study on floral organ development. SSR and SRAP analysis show diverse results with regard to the genetic diversity of cultivars JZ and JY. SSR analysis showed that variation in these two cultivars was moderate, while SRAP analysis showed low diversity.
The Mantel test failed to obtain a good-fit between phenotypic traits and molecular markers. This can be explained by the limited number of phenotypic traits, which may overlook differences in other organs and lead to inaccurate analysis, and also because the molecular markers were not being specifically developed for M. wufengensis, nor were they functionally linked. Thus, it was necessary to conduct further studies, including investigation of more observable morphological traits, development of more markers, and the use of other marker systems to precisely evaluate the genetic background.
In addition, the mean within-population genetic diversity for wild species of M. wufengensis was similar to the data reported in previous ISSR and SRAP analyses (Chen et al., 2014) . However, for cultivars, the parameter values within-population of M. wufengensis were much lower. Similar results on the difference between cultivars and wild species have been obtained in previous studies. Either genetically related species such as M. officinalis and Magnolia cathcartii, or other economically important species such as Siraitia grosvenorii, were shown to have lower gene variation within cultivars than within wild types (Tang et al., 2007; He et al., 2009; Zhang et al., 2010) .
The lower diversity may be attributed to the reproductive pattern. It has been reported that the mean within-population genetic diversities (H) among different pollination systems (self-pollinated, mixed-mating, and outcrosses) were 0.120, 0.180, and 0.250, respectively (Nybom, 2004) . This implied that M. wufengensis cultivars probably had a mixed-mating system.
Additionally, since M. wufengensis is an endemic species with small habitat area and population size, developing a new cultivar and increasing its population in a short term by propagating from seed is apparently insufficient. Thus, clonal propagation e.g., grafting, has been widely performed in breeding work, and might lead to the loss of genetic diversity. According to the results obtained from both SSR and SRAP analyse, the genetic diversities of M. wufengensis cultivars as well as its wild population were all higher than outer species.
Since high genetic diversity frequently leads to a variety of breeding materials, this result implied that M. wufengensis gained an advantage by acting as a genetic breeding resource and is thus worthy of further development.
The cophenetic correlation between the tree and genetic distance matrix was found to be high (r = 0.92; P < 0.01), suggesting that cluster analysis could represent the similarity matrix well. In accordance with previous phylogeny research on this species (He et al., 2007) , M. wufengensis populations were clearly separated from other species, which supported the fact that M. wufengensis is a distinct new species of Magnoliaceae. The genetic distances among cultivars implied a relatively close relationship between them (D < 0.35), which were similar to the characteristics of some endemic species (Haque et al., 2010) .
The close relationship between wild species and cultivars was confirmed by both marker systems, while in the cluster analyses, they could not be clearly separated, which contradicted the findings of studies on other planted tree species e.g., Malus . This is because these cultivars originated from the wild species, which had a limited population, and no outer species were included in the breeding process. Furthermore, with only a few years of cultivation, there was not sufficient time for genetic isolation driven by human selection or genetic drift to occur. Small genetic distances among cultivars resulted in a slight difference between the two dendrogram trees analyzed by SSR and SRAP markers. Since the cultivars all belong to M. wufengensis, such small distances are reasonable.
F ST = 0.25 means there was great differentiation between subpopulations; the range 0.15 to 0.25 indicates a moderate level of differentiation, while differentiation is negligible if F ST is 0.05 or less (Wright, 1978) . Given that F ST values of M. wufengensis cultivars were no less than 0.197, which was much higher than found in a previous study of wild species populations (F ST = 0.170) (Chen et al., 2014) . Factors such as geographical isolation, population fragmentation, breeding system, and genetic drift are reported to be responsible for the high genetic differentiation (Hogbin and Peakall, 1999) . Moreover, in small populations, genetic drift could clearly increase the differentiation (Hogbin and Peakall, 1999) . Variation among populations increased markedly to 30%, reflecting the genetic isolation by artificial selection. Therefore, disruption of gene flow might be another major cause.
Validity of SSR and SRAP markers
In this study, SSR and SRAP markers, two co-dominant markers, were chosen to evaluate the genetic diversity of M. wufengensis cultivars. Both of the these systems were highly informative. This result is close to the that found previously in wild M. wufengensis species through ISSR and AFLP (87.70 and 95.51%, respectively) (He et al., 2007; Chen et al., 2014) . Furthermore, based on the results of UPGMA dendrogram analyses, both of the systems could clearly separate the M. wufengensis cultivars from other closely related species. In addition, the population relationship structures were similar to those reported in our previous study (He et al., 2007) . Thus we consider SSR and SRAP marker systems to have tremendous potential for the efficient identification of the genetic background of M. wufengensis cultivars.
Studies that have discussed the relationship between different marker systems have varied substantially (Powell et al., 1996) . In the present study, the correlation analyses using the Mantel test on the two distance matrices indicated a relatively good fit between SSR and SRAP markers. By comparing the genetic diversity parameters of cultivars, similar cophenetic correlations were obtained. This result was supported by those of previous studies. For instance, in a comparative analysis of lotus genetic diversity, a good correlation was found between SSR and SRAP markers (r = 0.732) (Yang et al., 2012b) ; however, this was lower than that observed in a study on lemons, where the cophenetic correlation between SSR and SRA reached as high as 0.97 (Uzun et al., 2011) . This difference between the two markers may result from the limited number of efficient primer pairs, especially for the SSR markers. A SSR database for M. wufengensis would increase the number of primers, and a higher coefficient might also be obtained.
Since the results of the two markers were highly correlated in our study, analyses on the genetic diversity of M. wufengensis cultivars proved to be reliable.
Insights into breeding and conservation
The need for new cultivars is an ongoing process that is dependent on knowledge of the theoretical basis and progress of cultivation techniques. Phenotypic diversity was the basis for selection and subsequent breeding of new cultivars for the developing cultivation systems (Lavee, 2011) . In the present study, we monitored the morphological phenotype of floral organs, which showed the most identical variations, implying that these have the potential to become breeding selection standards. Through the accurate description of the phenotype of each cultivar, we could establish the most direct classification system.
Given that morphological traits might occasionally be unreliable or limited, especially when the biotope changes (Nicotra et al., 2010) , conservation of diverse genetic resources becomes a major issue in the effort of breeding cultivars. For some traditionally planted crops, such as grapes, a mass of cultivars and little knowledge about their genetic background would make breeding work risky (Guo et al., 2012) . In this study, two simple systems, SSR and SRAP, proved to be efficient. Therefore, phenotypic evaluation complemented with a genetic marker system could clearly differentiate between cultivars. For modern targeted breeding, more accurate markers linked with certain phenotype traits are required. Molecular methods, including SNPs or SSRs as used in this study, based on analogous gene expression in model plants and previously selected crossing series of crossings would be useful (Lavee, 2011) . Since the continuous study of marker technologies is practical, rapid advances in M. wufengensis breeding may be expected in the near future.
There are only approximately 2000 individuals of M. wufengensis extant in the secondary forests at elevations of 1500-2000 m in Wufeng, Hubei Province. In fact, the occurrence of wild populations of M. wufengensis species is subject to decline along with the number of individuals. An effective and authentic tool, such as the International Union for Conservation of Nature (IUCN) criteria, to evaluate conservation status, would be practical for endemic and rare species (Turchetto et al., 2016) . Levels of genetic diversity will affect the ability of the species to adapt to changes in their habitat, thus acquiring a good knowledge of genetic diversity levels and distribution is essential for conservation strategies (Wanjala et al., 2013) . In this study, the cultivars were found to exhibit a lower level of genetic diversity; however, when analyzed as a whole, they were able to maintain a high level of genetic diversity. These results may strongly encourage the development of novel M. wufengensis cultivars. For species conservation, cultivars with more diverse genotypes would probably give rise to a high level genetic variation. Simultaneously, for each cultivar, one population with a similar genetic background would benefit from a screen for functionally linked genes for further artificial breeding. Currently, we are developing novel cultivars not only for ornamental purpose, but also for better stress tolerance (Yang et al., 2015b) ; such efforts might facilitate the detection of resistance-related genes and contribute to expanding the planting areas of the species. Furthermore, it is notable that clonal propagation may prevent extinction but is basically an evolutionary dead-end. With further development of cultivars, seedling recruitment in small populations should be encouraged to introduce higher levels of gene flow, especially for those with low genetic variation. Since the new cultivars maintain the original optimum traits of M. wufengensis, the selection and breeding of cultivars have profound implications for conserving this rare and precious plant species.
In general, based on morphological classification, SSR and SRAP marker systems were shown to be valid and obtained similar results in the evaluation of M. wufengensis cultivars. Most cultivars were found to possess low levels of genetic diversity, but the five cultivars could maintain a high level of genetic variation at the species level. Genetic relationships among populations were primarily confirmed and the high genetic differentiation indicated increasing isolation between cultivars. These findings provide important information on M. wufengensis cultivars, and provide a basis for further study on breeding strategies and functional genetics, which would eventually enhance the efficiency of cultivar development as well as species conservation.
